1. Introduction {#s0005}
===============

There are approximately 20,000 species of bees exhibiting terrestrial life, only 6--11 species of them are known to produce honey ([@b0025]). In Sudan, *Apis mellifera* and *Apis florea* are coexist for at least the last three decades. However, most of the commercialized honey and wax in the country comes from *A. mellifera*, and the exotic *A. florea* (which was identified as alien species by [@b0090]) contributes largely in pollination of orchards and vegetables. The distinctive characteristics of honey are not, primarily, due to its major sugar components which can be found in many sweet products, but it is rather due to presence of multitude of minor components originated from the nectar and bees themselves. Many of the minor components such as phenolic compounds, which give its specific aroma, flavor and some of its biological activities, are unstable over time and thermolabile ([@b0140]). Heating has a negative effect on honey due to the loss of the minor substances ([@b0140]). Honey quality can be affected not only by fraudulent practices but also by the use of inadequate storage conditions or the application of severe heat treatments. Freshly extracted honey is liquid, but during storage honey becomes crystallized sooner or later. Crystallized honeys are not popular with consumers and can only be marketed liquefied. Gentle heating (32--40 °C) is mostly used to liquefy crystallized honey and to destroy yeast. To avoid heat damage of sensitive substances, it is recommended not to heat honey to more than 40--50 °C. However, high temperatures (80--100 °C) are also applied for liquefaction and/or pasteurization purposes. Besides long period of storage high temperatures can adversely affect the chemical composition of honeys ([@b0030], [@b0105]). Long periods of storage or high temperatures are known to produce furan derivatives, HMF which is acyclic aldehyde formed from hexoses by the action of normal acidity on honey sugars. Fructose is more sensitive than glucose to the reaction that forms HMF ([@b0075], [@b0045]). HMF is used as an indicator of honey freshness or heating.

In the literature, there is much information regarding factors influencing the quality of honey such as heating and prolong storage on the chemical composition of the honey, particularly on HMF formation and diastase enzyme deactivation. Little information available on the effect of these two factors on sugars and other honey constituents. Nevertheless, none of the reviews have dealt with the response of honeys of different honeybee species on the ratio of HMF formation. Perhaps, this is the first study to concern with this issue. Thus the aim of the present study was (i) to compare the chemical composition of honey of the two species of honeybees (ii) to assess the magnitude of effect of heating and storage on selected chemical parameters (iii) to detect whether there is heat tolerant honey owing to the honeybee species produced it. Considering this point, if, certain honey sort has low changes during adverse storage condition over a certain period of storage, such honey will have long shelf life which is important from consumer\'s point of view.

2. Materials and methods {#s0010}
========================

2.1. Honey samples {#s0015}
------------------

Freshly extracted comb honey samples (5 samples) produced by the honeybee *A. mellifera* were taken from the apiary of Bee Research, Environment and Natural Resources Research Institute-Sudan in January 2015. At the same season, another five comb honey samples were collected from feral colonies of *A. florea* nesting in the apiary vicinity. The combs were cleaned from broods, pollen grains, and debris; then squeezed and the honey was strained through a mesh (5 mm pore size).

2.2. Honey heating and storage treatments {#s0020}
-----------------------------------------

Heating of honey was carried in a thermo-static water bath provided with shaker (DlabTEch®, Model:LSB-030S made in Korea) at two temperatures (50 °C and 80 °C) and two times (15 and 30 min) in glass vials containing aliquots of 5 g honey of both honeybee species and stored at ambient temperature (25 °C) for 45 days for HMF determination. HMF was determined every 15 days, in the heated samples as well as the control ones (unheated batch) samples. Changes in the chemical parameters of the unheated stored honey samples were followed monthly for a total period of six months.

2.3. Chemical analysis {#s0025}
----------------------

Refractive index was determined with an Abbe refractometer (Hilger, M 64.315/56304, made in England) at 20 °C, the corresponding moisture content (%) was calculated using the Wedmore Table ([@b0015]). Invert sugar, glucose, fructose, and sucrose were determined following [@b0050] methods. Ash, pH, and acidity were determined according to the standard methods of the Association of the Official Analytical Chemists ([@b0015]). HMF was determined using [@b0155] spectroscopic method. All chemicals used were an analytical grade or general purpose reagents?

2.4. Statistical analysis {#s0030}
-------------------------

Data are analyzed as means of triplicate readings with standard deviation (SD). And a comparison of data was performed by Student *t-*test; pair-wise mean comparison of Bradfoni test by applying SPSS version 9 statistical packages (SPSS, Chicago, IL, USA, copyright 2010).

3. Results and discussion {#s0035}
=========================

3.1. Chemical composition {#s0040}
-------------------------

[Table1](#t0005){ref-type="table"} shows means and standard deviations of the various chemical parameters analyzed: moisture, glucose, fructose, sucrose, invert sugar, ash, acidity, pH, and HMF. Comparison between honeys produced by two different species of honey bees *A. mellifera* and *A. florea* has resulted in significant differences (*P* \< 0.05) in the studied parameters. *A. florea* honey contained less moisture 13.7% than *A. mellifera* honey which contained 18.5%. This variation between the two types of honey could indicate that both honeybee species process honey differently during the mechanical stage of honey ripening. In the hive, nectar is delivered to the house bees who store it in in the honeycomb cells. In the cells water has to be evaporated off the nectar in a process called mechanical stage of honey ripening ([@b0020]). Furthermore, it could be due to the different nesting habitats (the open nest may facilitate for easy evaporation of nectar) or different nectarines foraged by the bees. The moisture content of honey depends on nectar, harvesting season and beekeeping practices. Moreover, moisture content is a critical factor for honey fermentation and crystallization as reported by [@b0110].Table 1Chemical composition of *Apis mellifera* and *Apis florea* honeys.Parameter*Apis melliferaApis floreat-*testMoisture (%)18.50 ± 1.5313.70 ± 0.79[\*\*](#tblfn2){ref-type="table-fn"}Glucose (%)35.24 ± 1.0636.38 ± 2.91NSFructose (%)33.70 ± 1.0933.82 ± 3.16NSSucrose (%)7.32 ± 4.132.90 ± 1.85[\*](#tblfn1){ref-type="table-fn"}Invert sugar (%)68.94 ± 1.9970.42 ± 5.55NSAsh (%)0.26 ± 0.151.16 ± 0.13[\*\*](#tblfn2){ref-type="table-fn"}Acidity (meq/kg)51.80 ± 1.94798.40 ± 1.817[\*](#tblfn1){ref-type="table-fn"}pH3.62 ± 0.4664.40 ± 0.10[\*](#tblfn1){ref-type="table-fn"}HMF (mg/100 g)3.78 ± 1. 43.17 ± 1.2NS[^1][^2][^3][^4]

Ash contents, consecutively, for *A. mellifera* and *A. florea* honey, were 0.26, 1.16%. The highly significant variation observed in honey\'s ash contents implicit the different honey extraction methods applied for both honey types. In this study, *A. mellifera* honey samples were extracted by centrifugation while *A. florea* samples were obtained by squeezing and straining (which introduces more pollen to the honey) as *A. florea* can't be reared in the modern hives with movable frames. Several reports mentioned that ash content depends on the material foraged by the bees ([@b0085], [@b0115]). Moreover, it depends on bee's foraging preference ([@b0040]). However, ash values reported in this study corresponds to those reported by [@b0080], [@b0055].

Acidity was found 51.80, 98.40 meq/kg and pH estimated 3.62, 4.40 for both honey sorts. Honey acidity is important for its characteristic flavor and stability against microbial attack ([@b0150]). It is obvious that honey from *A. florea* contains noticeably higher acidity and ash contents than honey from *Apis mellifera.* This is contradicting the fact that higher mineral contents correspond to lower acidity ([@b0060]). However, [@b0130] found a linear correlation between the ash content and electrical conductivity of heather honey.

The mean glucose 35.24 and 36.38%, fructose 33.70 and 33.82, respectively for the two honey types *A. mellifera* and *A. florea* showed no significant variation. Both sugars collectively represent invert sugar. The percentage of invert sugar is a prerequisite for the quality control of honey. The mean values 68.94 and 70.42% of invert sugar for both honey types satisfy the standard level for honey quality and agree with other results ([@b0110], [@b0125]).

Sucrose content (7.32, 2.90) varied significantly (*P* \< 0.05) between the two honey types. A similar result was reported by [@b0070] They reported that honey from *A. mellifera* contains significantly higher sucrose than honey from *Apis florea*. This variation could be due to the variation in invertase activity of the two honeybee species. It was reported by [@b0145] that the invertase activity of some honeybee species is higher than the others.

The results of chemical composition obtained comply with earlier findings in Sudanese honey ([@b0095], [@b0100]) and are comparable to those of other authors as ([@b0005], [@b0135], [@b0060]).

3.2. Effect of storage period on the chemical composition {#s0045}
---------------------------------------------------------

Data in [Table 2](#t0010){ref-type="table"} elucidate influences of storage period on honey chemical composition. As the two types of honey compared, glucose and fructose significantly (*P* \< 0.05) decreased during first, and 4th--6th months of storage. It was reported that the sugar spectrum of ripened honey is not static; rather, it does change with time. A slight (\<15%) decrease in the quantity of fructose and glucose occurs over time owing to the acid catalyzed the formation of maltose and other reducing disaccharides ([@b0025]). Sucrose dropped significantly from 9.2 to 1.1% in *A. mellifera* honey and from 2.9 to 1.0% in *A. florea* honey after six months storage, this result is comparable to the results of [@b0120]. Total acidity increased significantly during the six-month storage period for both *A. mellifera* and *A. florea*. Free and lactonic acids in honey increase significantly during storage, mainly at 40 °C ([@b0030]). However, values of pH did not show a clear variation in stored honey ([@b0065]).Table 2Analysis of glucose, fructose, sucrose and total acidity in *Apis mellifera* and *Apis florea* honeys stored at room temperature (25 °C) for six months.Glucose (%)Fructose (%)Sucrose (%)Acidity (meq/kg)*A.m.A.f.A.m.A.f.A.m.A.f.A.m.A.f.*1st month35.1 ± 3.2[\*](#tblfn3){ref-type="table-fn"}36.4 ± 2.9[\*](#tblfn3){ref-type="table-fn"}31.3 ± 2.4[\*](#tblfn3){ref-type="table-fn"}33.8 ± 3.1\*9.2 ± 3.7[\*](#tblfn3){ref-type="table-fn"}2.9 ± 1.8[\*](#tblfn3){ref-type="table-fn"}63.8 ± 7.8[\*](#tblfn3){ref-type="table-fn"}98.4 ± 18.1[\*](#tblfn3){ref-type="table-fn"}2nd month34.1 ± 3.534.0 ± 3.326.7 ± 3.033.3 ± 3.35.9 ± 2.1[\*](#tblfn3){ref-type="table-fn"}2.4 ± 1.1[\*](#tblfn3){ref-type="table-fn"}71.8 ± 6.5[\*](#tblfn3){ref-type="table-fn"}98.4 ± 17.9[\*](#tblfn3){ref-type="table-fn"}3rd month33.7 ± 3.333.5 ± 2.925.0 ± 2.931.5 ± 2.65.6 ± 2.1[\*](#tblfn3){ref-type="table-fn"}2.3 ± 1.1[\*](#tblfn3){ref-type="table-fn"}79.4 ± 9.6[\*](#tblfn3){ref-type="table-fn"}100.4 ± 18.9[\*](#tblfn3){ref-type="table-fn"}4th month25.7 ± 5.8[\*](#tblfn3){ref-type="table-fn"}26.4 ± 1.3[\*](#tblfn3){ref-type="table-fn"}20.2 ± 4.4[\*](#tblfn3){ref-type="table-fn"}28.5 ± 3.1[\*](#tblfn3){ref-type="table-fn"}3.3 ± 1.51.8 ± 0.884.6 ± 12.5101.2 ± 18.55th month25.7 ± 5.8[\*](#tblfn3){ref-type="table-fn"}26.92 ± 1.9[\*](#tblfn3){ref-type="table-fn"}17.7 ± 3.7[\*](#tblfn3){ref-type="table-fn"}27.7 ± 3.5[\*](#tblfn3){ref-type="table-fn"}1.5 ± 0.91.1 ± 0.688.6 ± 12.1103.2 ± 18.26th month25.5 ± 5.826.1 ± 1.314.9 ± 25.225.2 ± 3.71.1 ± 0.51.0 ± 0.691.8 ± 12.197.9 ± 5.6% decrease (+)/increase (−)−29.90−28.25−55.78−25.48−84.97−65.51+43.57−5.08[^5][^6][^7]

3.3. Effect of heating regimes and storage period on HMF formation {#s0050}
------------------------------------------------------------------

*A. mellifera* and *A. florea* honeys revealed initial 3.78 and 3.17 mg/100 g HMF contents, respectively; which satisfy the international limit of 40 mg/kg ([Table 1](#t0005){ref-type="table"}). The level of HMF in unheated honey has increased by two folds after 45 days storage under room temperature ([Fig. 3](#f0015){ref-type="fig"}). This is due to the hot tropical weather which can increase the HMF level of honey in the hive. Consequently, [@b0035] has increased the HMF limit in honey from tropical zones to 80 mg/kg. Heating honey for 15 and 30 min at 50 °C has raised, respectively HMF level of *A. mellifera* honey to 8.1 and 9.37 mg/100 g after 15 days; 9.61 and 11.51 after 30 days; and 4--5 folds after 45 days ([Fig. 1](#f0005){ref-type="fig"}, [Fig. 2](#f0010){ref-type="fig"}, [Fig. 3](#f0015){ref-type="fig"}). When samples heated for 15 and 30 min at 80 °C, 4--5 folds increment in the level of HMF was reached after 15--30 days storage ([Fig. 1](#f0005){ref-type="fig"}, [Fig. 2](#f0010){ref-type="fig"}). This indicated that the level of HMF formation during storage depends on the heat applied during honey processing and duration of heating. In contrary, it is interesting, to note that honey produced by *Apis florea*, has tolerated the heating regimes applied. Consequently, a lesser increment in HMF has occurred during storage. Some reports attribute variation in HMF contents of honey due to variation in the floral sources ([@b0010]). However, in the surveyed literature, we did not find any report matching with the present results and supporting variation in HMF due to the honey produced by different honeybee species. The explanation for this tolerance may be due to the difference in the chemical composition of honey produced by the different bees\' species and possibly their forage preference.Fig. 1Thermo-generation of HMF in *Apis mellifera* and *Apis florea* honeys stored for 15 days after exposure to different thermal treatments.Fig. 2Thermo-generation of HMF in *Apis mellifera* and *Apis florea* honeys stored for 30 days after exposure to different thermal treatments.Fig. 3Thermo-generation of HMF in *Apis mellifera* and *Apis florea* honeys stored for 45 days after exposure to different thermal treatments.

4. Conclusion {#s0055}
=============

It can be concluded that *A. florea* honey contains less moisture content than *A. mellifera* honey due to the different nesting habitats of both species and different nectarines foraged. Possibly they process honey differently during the mechanical stage of honey ripening. Also, *A. florea* honey contains higher acidity and ash due to the different foraging preference of the two species. Many of the components of honey are unstable over time and are thermolabile. After six month storage, glucose, fructose and sucrose of both honey; dropped significantly. Moreover, *A. florea* honey tolerated temperature regimes applied regarding HMF production.
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[^1]: Data presented are mean ± SD of triplicate readings.

[^2]: NS = no significant differences.

[^3]: Significant difference (*P* \< 0.05).

[^4]: Significant difference (*P* \< 0.01).

[^5]: Data presented are means of five samples ± SD of triplicate readings.

[^6]: *A.m.* = *Apis mellifera*, *A.f.* = *Apis florea*.

[^7]: (Astric) are significantly different (*P* \< 0.05) as compared by Bradfoni Pair-wise mean test.
